SUMMARY The histological appearances in 85 peroral small intestinal biopsies from children have been analysed quantitatively by the method of Dunnill and Whitehead (1972 In morphologically normal biopsies correlation of surface-to-volume ratios with age showed that c :lh ratios were significantly smaller in younger children. Some of these lower c :lh ratios overlapped the range observed in abnormal biopsies showing partial villous atrophy. However, in the atrophic biopsies additional histological changes, such as abnormalities of the surface epithelial cells and an increased inflammatory cell infiltration of the lamina propria, were invariably present. Slight changes in biopsies from children under 2 years of age should, therefore, be interpreted cautiously, and should not necessarily be regarded as pathological on the evidence of the villous pattern alone.
Thus the histological diagnosis of coeliac disease in children has far-reaching significance for the patient. In confirming this diagnosis it is necessary to demonstrate not only a mucosal abnormality but also the return to a normal morphology on withdrawal of dietary gluten (Meeuwisse, 1970) . The primary need, however, is for an accurate interpretation of the intestinal biopsy appearances, so that any abnormalities may be reliably recognized. Since the principal histological abnormalities encountered are atrophy, or varying degrees of blunting of the intestinal villi, one way in which diagnostic accuracy might be improved is by the application of objective morphometric techniques for the assessment of the changes found rather than relying solely on subjective interpretation.
The most recent technique evolved for this purpose is that of Dunnill and Whitehead (1972) . Their method requires the determination of an index related to the surface-to-volume ratio of the mucosa, and also allows an assessment of mucosal volume. Dunhill and Whitehead considered their technique to be superior to previous attempts at quantitative analysis of small intestinal biopsies based on, for example, measurement of villous height, mucosal thickness, crypt depth, and surface area (Rubin, Brandborg, Phelps, Taylor, Murray, Stemler, Howry, and Volwiler, 1960; Thurlbeck, Benson, and Dudley, .. .C .-... Ch, 1960; Madanagopalan, Shiner, and Rowe, 1965; Stewart, Pollock, Hoffbrand, Mollin, and Booth, 1967) , since it overcomes many of the technical difficulties inherent in these earlier methods.
In the present study we have applied the method described by Dunnill We have followed closely the method of analysing ,the histological changes in small intestinal biopsy specimens described by Dunnill and Whitehead (1972) . Like these authors, we employed a template of 15 lines of equal length which connect the vertices of a regular hexagonal point network. The template was drawn according to the specifications of Weibel (1963) on an eye-piece graticule prepared for us by Graticules Ltd. This was inserted into the eye-piece of a Zeiss photomicroscope so that the image of the graticule was superimposed upon that of the section (fig 3) . The objective and ocular combination of the microscope yielded a magnification of x 128, and this was kept constant throughout the study. At this magnification the length (1) of each line cast on the section was 1.4 x 10-2 cm. The section was orientated so that it lay centrally in the vertical axis of the microscopic field and the most lateral of the lines on the graticule was superimposed on the muscularis mucosae. The other lines then fell at random over the biopsy. A cut (c) was counted where a line fell over the epithelium covering the mucosal surface, and a hit (h) was counted where the end of a line fell over the mucosal tissue between the covering epithelium and the muscularis mucosae. This tissue iL' .. included the lamina propria and the mucosal glands and crypts. The numbers of hits (h) and of cuts (c) were recorded. When the first microscopic field had been counted, the slide was moved with the aid of the mechanical stage until the adjacent field was in view and this was then counted in turn. This process was repeated until a sufficient number of fields had been counted so that the value for h was approximately 200. The number of fields examined was recorded.
The index c:lh, which is related to the surface-tovolume ratio, was calculated for each biopsy specimen as an indication of the complexity of the villous pattern. The mean number of hits per microscopic field examined (¢) was also determined since this is proportional to the mucosal volume.
We both determined the ratio c:lh and I; independently in each of the 85 biopsies studied, without knowledge of the origin of the specimen or of the clinical details. For each biopsy mean values were calculated for these two determinations. In fact, highly significant correlations were observed between our two sets of results (for c:lh, r = 0.99, p < 0.001; and for I;, r = 0.96, p < 0O00t) and the greatest 
Discussion
The pathological abnormalities found in small intestinal biopsy specimens are usually defined only in subjective terms (Shiner and Doniach, 1960; Watson, Paton, and Murray, 1965 Dunnill and Whitehead (1972) , in describing the technique for analysing small intestinal biopsies which we have followed, criticized other methods applied previously for this purpose which they regarded as inherently inaccurate. For a number of reasons they questioned the use of techniques for assessing villous atrophy which are based on linear measurements of villous height, mucosal thickness, or crypt depth (Rubin et al, 1960; Thurlbeck et al, 1960; Madanagopalan et al, 1965; Stewart et al, 1967) . The decision as to where a villus ends and a crypt begins, which necessarily affects the measurement of both structures, is often quite arbitrary. The length of a villus cannot be measured accurately when it is flattened, branched, or not in an upright position. Furthermore, biopsies that lack a muscularis mucosae are liable to longitudinal stretching and may show separation and broadening of the villi, which results in a spurious reduction of their length. Such distortion also affects measurements of mucosal surface area based on the use of intersecting lines, unless, as in Dunnill and Whitehead's method, this measurement is related to mucosal volume. Accurate assessment of the biopsy appearances also depends on the adequacy of the specimen and its proper histological preparation (Rubin and Dobbins, 1965) . Prompt and adequate fixation and careful processing and sectioning are required. Any quantitative technique is valueless if the sections are improperly orientated, since any degree of tangential cutting will affect the counts and make comparisons between biopsies meaningless. In addition, the level in the small intestine from which a biopsy is taken may be is important in comparative studies. Variations in the mucosal appearances at different sites in the upper small intestine have been reported (Rubin and Dobbins, 1965) and for this reason all the biopsies in the present series were made under fluoroscopic control from the same site just beyond the ligament of Treitz.
In order to test the reproducibility of Dunnill and Whitehead's method in our own material, we determined independently c:lh ratios and Ei values for each of the biopsies studied. The highly significant correlations and small scatter obtained between our two sets of results confirmed that the technique was reproducible under working conditions. For the purposes of comparing the counts obtained in biopsies from the different groups of patients studied, average values of our two estimations of c:lh and ri were used.
The definition of a range of values of c :lh and E in normal small intestinal biopsy specimens presents a number of problems. Ideally, biopsies from entirely normal individuals should be studied for this purpose, but in practice, particularly in children, this is not possible. The use of intestinal mucosa taken at necropsy is also impracticable since even the freshest material obtained from this source is subject to autolytic changes. We have used for controls biopsies which appeared subjectively normal, obtained from children in whom adequate clinical investigation failed to reveal any evidence of malabsorption. These patients suffered from diarrhoea which was often intermittent in character, failure to thrive, or unexplained short stature. Small intestinal biopsies had been performed to exclude any possibility that they might have coeliac disease. Using the strictest criteria they could not be considered as entirely 'normal' but were the nearest practical alternative. were lacking in the control biopsies but were present in all nine abnormal biopsies from group III. Significant differences are apparent on comparing the numerical values for c:lh and fi in the various biopsies we have examined, with those obtained by Dunnill and Whitehead (1971) in apparently similar material. The c:lh ratios we have calculated tend to be higher and our fi values lower. This is best explained if the number of 'hits' (h) obtained in our counts were, in general, slightly less. This may mean that the mucosal volume in adult biopsies is somewhat greater than in children, ie, that the difference is related merely to the source from which the biopsies were obtained, or it may reflect some small differences in methodology. With regard to the histological diagnosis of coeliac disease in children, this study confirms that biopsies from untreated cases are almost invariably entirely flat showing a 'cobblestone' appearance with complete loss of villous pattern under the dissecting microscope and complete villous atrophy on histological sectioning (figs 11 and 12). All the biopsies from untreated coeliacs had c:lh ratios well outside the range seen in the controls. Severe mucosal abnormalities of this nature are easily recognized by subjective means without recourse to quantitative techniques. However, as emphasized by Meeuwisse (1970) , the proper diagnosis of coeliac disease requires at least two, and preferably three, biopsies in order to confirm the causal relationship between the mucosal lesion and exposure to dietary gluten. It is in following the changes in serial biopsies from the 18 R. A. Risdon and Jean W. Keeling same patient that quantitation is most useful in that it allows truly objective comparisons to be made. In children with coeliac disease, the rate at which the mucosal morphology responds to dietary gluten exclusion, or the reintroduction of gluten after a period of withdrawal, varies quite considerably. Thus where serial biopsies are used to confirm the diagnosis histologically, intermediate degrees of mucosal abnormality (corresponding to 'partial villous atrophy' of varying severity) may be encountered. It is precisely in this situation that quantitation of the mucosal changes is most useful. In the present study only three biopsies with c:lh ratios in the 'intermediate' range were from children with coeliac disease. In all three instances biopsies were performed after a period of gluten withdrawal or after the reintroduction of gluten following a long period of exclusion.
